Abstract: Shunt malfunction caused by fracture of the distal tube is a common complication of ventriculoperitoneal shunts. Functionality of the fractured distal shunt tube must be evaluated before its removal, because a connective tissue sheath or subcutaneous fibrous channel around the peritoneal catheter may be patent. Although an accurate assessment of shunt function is made by invasive tests such as radioisotope or radiopaque injection via tapping the reservoir, these methods have risks. In our case, patency of a subcutaneous fibrous tunnel that had developed around the distal catheter before the fracture was demonstrated noninvasively by real-time ultrasonography.
I
n neurosurgical practice, various external shunting systems are used for the treatment of hydrocephalus (HCP) despite many device-related problems. After a mechanical complication of a shunt system such as catheter occlusion, disconnection, fracture, or migration, revision of the shunt is usually indicated if HCP is apparent clinically and radiologically. [1] [2] [3] [4] [5] [6] [7] [8] [9] For the functional evaluation of the shunt system and the probable site of mechanical failure, radionuclide or contrast medium injection into the reservoir is done but has the risks of contamination and device damage. 4, 10, 11 To lower these risks, a noninvasive method proposed by some authors is the microbubble technique, which is used to determine the patency of ventricular catheters. [12] [13] [14] [15] [16] In this case, a shunt with a fractured and obviously separated silastic catheter in the chest wall continued to function through the well-developed subcutaneous fibrous tunnel around the distal catheter. A noninvasive method of assessment is presented.
CASE REPORT
An 8-year-old girl had a ventriculoperitoneal (VP) shunt inserted for the treatment of congenital HCP 6 months after birth at our clinic. Clinical and radiologic follow-up were made at our outpatient clinic every 6 months. Her follow-up was uneventful. There were no signs and symptoms of HCP related to shunt malfunction; however, routine thoracoabdominal radiographs revealed fracture of the catheter on the chest wall and migration of the distal tubing into the peritoneal cavity (Fig. 1 ). Computed tomography (CT) revealed normal ventricular dimensions. After the radiologic finding, the physical examination was repeated carefully; welldeveloped subcutaneous fibrous tissue was palpated along the gap in the peritoneal catheter on the chest wall. The shunt valve was easily flushed without the subcutaneous collection of cerebrospinal fluid (CSF). Real-time ultrasonography was performed to assess the flow across the fracture site and demonstrated that the patient's shunt was functional despite the fracture (Fig. 2) . Close follow-up included ultrasonography, CT, and direct abdomenography. She remained asymptomatic.
DISCUSSION
In neurosurgical practice, silicon devices are widely used in the surgical treatment of HCP. Silicon elastomer structures have high flexibility, chemical stability, and nontoxic properties, which are the main reasons for using the material in treatment of hydrocephalic patients. [17] [18] [19] Although low surgical mortality and ease of insertion are the main advantages, occlusion, migration, disconnection, and fracture of the shunt catheter are device-related problems that are common complications in shunted patients.
Kast et al 20 reported a higher incidence of distal (43%) than of proximal (35%) tube failure. Also, Cuka and Hellbusch 21 reported a retrospective study of peritoneal catheters of VP shunts and found that fracture of the peritoneal catheter accounted for 21.2% of shunt revisions.
Disconnections or fracture of a shunt catheter can be easily detected radiologically in cases in which barium-impregnated shunt tubing is used. 4, 22 Shunt revision is indicated in symptomatic patients with shunt malfunction. Delayed HCP was reported in a patient who had been asymptomatic initially after removal of the fractured distal shunt catheter. 18 Continuation of CSF flow through the fibrous channel that has developed around the catheter has been documented previously in shunted patients. 8, 22, 23 A radiopaque or radioisotope shuntogram seems to be useful for the evaluation of shunt function but does have a risk of contamination from the percutaneous puncture. 4, 10, 11, 24, 25 Sgouros et al 15 investigated the shunt function in 20 VP shunt patients by color Doppler ultrasonography and reported that the technique was helpful in only 13 of 20 (65%) patients. Sgouros et al 15 also reported that no flow in patients who later underwent revision for blocked shunts was verified in 3 of 7 patients. CSF is not ultrasonically visible in normal flow, but turbulence generated at junction points of the shunt system or at the exit of the peritoneal tube can be visualized well with Doppler ultrasonography. In a model of the shunt/ventricular system, the presence of particulate matter such as choroid plexus debris can generate a satisfactory Doppler signal, presumably as a result of the generation of microbubbles. 15 Sood et al 26 reported normal intracranial pressure (ICP) in 25% of cases of apparent distal shunt malfunction, however. Evaluation of shunt function using a radioisotope shuntogram and ICP monitoring are the generally preferred methods. 26, 27 Tapping of the shunt may reveal a normal opening pressure in the case of a subcutaneous fibrous tract because of CSF drainage through this conduit.
Clyde and Albright 22 reported 2 cases of persistent fibrous tracts, and Kazan et al 28 revealed the patency of the subcutaneous fibrous tract by invasive methods in children with a VP shunt. It has been claimed that in these situations, CSF continuously passes through the fibrous or connective tissue sheath, but this has not been definitively proven except by direct observation in these few reports. 25, 28 The connective tissue formed around the catheter may act as a secondary tube that permits passage of CSF. Thus, the asymptomatic patient who has an occluded or fractured distal catheter may continue to drain by way of a functioning fibrous tunnel around the catheter. As in our case, if the patient is asymptomatic, real-time ultrasonography may help to determine the functionality of the shunt. This noninvasive method can be used on routine follow-up as well as for the study of apparent shunt obstruction. 
